At the 1920 meeting of the Society of American Bacteriologists a paper, published only in abstract form (Sherman, 1921) , presented some characteristics of Lactobacillus bulgaricus, differentiating this organism from certain other lactobacilli. Eighteen cultures of Lactobacillus bulgaricus were then studied; a number of Lactobacillus casei; a few cultures from feces, assumed to belong to the Lactobacillus acidophilus group; and one "authentic" culture, each, of Lactobacillus acidophilus and Lactobacillus bifidus. The supposed culture of Lactobacillus bifidus appeared to be entirely similar to the culture of Lactobacillus acidophilus. The gas-producing lactobacilli were not included in the study, nor the homofermentative Lactobacillus delbrueckii group.
cus from Lactobacillus acidophilus by tests long used in this laboratory. No claims are made for the value of these tests if applied to other closely related species; and we recognize the possibility that the tests suggested may prove of less value as more knowledge is accumulated and the natural confines of, and variability in, these species become better established. PREVIOUS WORK In our earlier work, a number of points of difference were found between Lactobacillus bulgaricus and the intestinal cultures which were supposed to represent the acidophilus group.
The alkaline limits of growth All of the cultures of Lactobacillus bulgaricus were inhibited in broths having a pH of about 7.5, while the intestinal lactobacilli grew well at pH 7.8 or above. This test was inspired by the work of Cohen and Clark (1919) on the rate of growth of bacteria at various hydrogen ion concentrations. They tested, among other bacteria, a culture of Lactobacillus bulgaricus and found that this culture did not initiate growth in a medium of pH 7.5. Our further tests confirmed the finding of Cohen and Clark with all of the cultures of Lactobacillus bulgaricus then available and brought out the additional point that other lactobacilli will grow in more alkaline media. For the past fourteen years we have used as a regular laboratory test, with large classes, the ability to grow in media of pH 7.8 as a differential test between Lactobacillu-s bulgaricus and Lactobacillus acidophilus. In our hands, this has proved one of the best means of distinguishing these species.
Although these findings have not been applied by others as a differential method, some observations have been made which bear upon the subject. Orcutt (1926) studied the acid and alkali tolerance for growth of cultures of Lactobacillus acidophilu-s, isolated from the digestive tract of calves, and concluded that the limit on the alkaline side appeared to be about pH 7.8 to 8.0, though some freshly isolated cultures made little or no growth at pH values of 7.7 to 7.8. On the other hand, Weiss and Rettger (1934) concluded that Lactobacillus acidophilus is usually inhibited above pH 6.8. This divergent result is perhaps explained, as Professor Rettger has suggested in personal correspondence, by the fact that their experiments were conducted with washed cells as the inocula.
Inhibition by salts It was found that Lactobacillus bulgaricus is more easily inhibited in artificial media by the addition of phosphates or sodium chloride. For example, Lactobacillus bulgaricus was inhibited in broths containing only about 2 per cent sodium chloride, while the intestinal lactobacilli were considerably more tolerant. This test, using 2.5 per cent sodium chloride, has been used during recent years, since the availability of authentic cultures of Lactobacillus acidophilus, with consistently good results. This method appears to offer a fairly good margin of safety for a differential test since, in our experience, Lactobacillus bulgaricus is usually inhibited by only 2 per cent sodium chloride whereas many strains of Lactobacillus acidophilus are able to grow in the presence of 5 per cent of this salt.
Ability to grow in artificial media Although many lactobacilli grow poorly in laboratory media, it was our experience that Lactobacillus bugaricus was much more delicate in this respect than were the intestinal types supposedly belonging to the acidophilus group. For example, using a relatively simple broth containing lactose, peptone and yeast extract, Lactobacillus bulgaricus will grow well for one or two transfers but is unable to grow through successive transplants in such a medium. Lactobacillus acidophilus is markedly more hardy and adaptable in this respect, growing well through ten successive transfers.
Production of carbon dioxide While neither of the species in which we are here interested belongs to the group of lactobacilli which produce significant amounts of carbon dioxide, they do of course produce minute amounts of this gas which may be demonstrated with appropriate methods (Eldridge and Rogers, 1914 As is well known, Lactobacillus bulgaricus and Lactobacillus acidophilus both belong to the more or less heat-tolerant lactobacilli which grow at relatively high temperatures and may be sharply distinguished from Lactobacillus casei and its kindred varieties or species which have lower minimum and maximum temperatures of growth. In our earlier work no strain among the authentic cultures of Lactobacillus bulgaricus was able to grow at 15'C. whereas all of the clutures supposedly belonging to the acidophilus group grew at this temperature. Our tests in recent years of authentic strains of Lactobacillus acidophilus have indicated that this organism usually grows at 150C., whereas the true Lactobacillus bulgaricus, in our experience, seldom does.
These points were not confirmed by Curran, Rogers and Whittier (1933) who worked with a more varied collection of cultures, and we must not assume that their strains of Lactobacillus acidophitus were any less "authentic" than our own. With respect to Lactobacillus bulgaricus, it is not possible to correlate the findings of Curran, Rogers and Whittier with our results, as their collection of organisms, other than Lactobacillus acidophilus, apparently contained Lactobacillus casei and other types, with very few if any cultures of Lactobacillus bulgaricus. This fact was recognized and clearly stated by them. A number of other investigators have also reported the minimum temperature for the growth of Lactobacillus acidophilus as being about 200C.
Maximum temperatures for growth It has been our observation that Lactobacillus acidophilus will not grow at 500C. and this fact has now been confirmed by Curran, Rogers and Whittier (1933) and Orla-Jensen, OrlaJensen and Winther (1936) , both sets of investigators finding that 480C. is the upper limit for the growth of this organism. On the other hand, Lactobacillus bulgaricus usually grows at 500C., and we have used this means of differentiation for many years in class work.
For reasons which are now obvious, this test has frequently failed in recent years when old stock cultures of Lactobacillus bulgajicus were used (Sherman and Hodge, 1936) . The difference becomes more marked when freshly isolated strains of Lactobacillus bulgaricus are employed, many of which grow vigorously at temperatures exceeding 550C.
CONFIRMATORY EXPERIMENTS
After the foregoing discussion of our earlier work the experimental data gathered in the present studies may be briefly presented. Methods
For testing the ability of the organisms to make repeated growth in a relatively simple medium, a broth was used which contained 1 per cent each of lactose, peptone and yeast extract (Bacto) (Hodge) has devised a medium which appears to give a constant pH of about 7.8 after sterilization in the autoclave. This medium, which was used in the experiments here reported, has the following composition: The pH of this broth is about 7.2 before sterilization and rises to 7.80 to 7.84 after sterilization, at which point it remains practically unchanged for one week at 3700. All pH values were determined by use of the hydrogen electrode. Tubes of this medium were inoculated, incubated at 3700. and observed for growth and acid production.
To determine the limiting temperatures for growth, litmus milk was used which was supplemented by the addition of 0.5 per cent peptone and 100 ml. of tomato juice per liter, adjusted to pH 6.5. Excellent growth is obtained in this medium even with freshly isolated cultures which may grow poorly in ordinary sterilized milk. This medium was inoculated with one drop of a vigorous 24 48 hours old culture; the test tubes were closed with sterile rubber stoppers to prevent evaporation and resultant cooling, and adjusted in a water bath to the desired temperature before being placed in the incubator. The 1500. tubes were examined after two months,.whereas the high-temperature cultures were observed for acid production after one week.
Cultures
In all, 152 cultures were used of what we shall designate as the "bulgaricus group." Five were of Lactobacillus bulgaricus obtained from authoritative sources; 142 from market milks and one from a sample of Egyptian "leben," and identified by us as Lactobacillu8 bulgaricus. Also included in the "bulgaricus group" were four cultures isolated from an Armenian "mazun" which appear to be identical with the "Bulgaricus Type I" of White and Avery (1910) and the lactobacillus described by Orla-Jensen (1919) as Thermobacterium jugurt. This organism, which we shall refer to as "Lactobacillus jugurt," differs from the typical Lactobacillus bulgaricus in a more rapid and vigorous growth in milk, the production of much more acid, the formation of inactive lactic acid, and in certain slight morphological and colonial characteristics.
As representatives of the "acidophilus group," 43 cultures were used: six stock cultures from leading specialists, 14 strains isolated from human feces, 21 cultures isolated from miscellaneous sources, and two cultures of Lactobacillus bifidus obtained from Professor L. F. Rettger. The cultures from "miscellaneous sources" were isolated from human saliva, the throats of cows, the fourth stomach of calves, and milk. As we hold no opinion on the disputed point of whether or not the "true" Lactobacillus acidophilus should be more rigidly restricted from the standpoint of source and intestinal implantability, we emphasize "acidophilus group," but it should be stated that on the basis of detailed study all of these cultures agreed with the authoritative descriptions of the species. The cultures of Lactobacillus bifidus were from the collection of Weiss and Rettger (1934) bacillus bulgaricus has been previously noted (Sherman and Hodge, 1936 ).
CORRELATION WITH OTHER TESTS
As the purpose of this paper is to present the results obtained with certain neglected tests which have long been in use in this laboratory, a detailed consideration of the characteristics of the species involved is not included. It is essential, however, to show how these tests agree with the other differential methods in use. Beijerinck (1901) , probably the first to study the true Lactobacillus bulgaricus, noted a complete absence of maltose fermentation in the levo-lactic-acid-producing variety which he designated as Lactobacillus longus. Rahe (1914 Rahe ( , 1918 emphasized maltose and sucrose, finding that Lactobacillus acidophilus fermented these sugars, whereas Lactobacillus bulgaricus did not ferment maltose and usually did not ferment sucrose. Kulp and Rettger (1924) noted that Lactobacillus bulgaricus cannot ferment unheated fructose whereas Lactobacillus acidophilus does. In a general way, these results have been confirmed by a majority of the workers on this problem, though there have been many vigorous dissenters; some recent investigators ascribing no value to fructose, maltose and sucrose for the differentiation of these species. These discordant results, obtained in many cases with the same stock cultures, are explained to some extent by Weaver (1932) who has shown that strains of Lactobacillus bulgaricus which fail to act on fructose, maltose or sucrose may ferment these sugars when the tests are performed with a more favorable basic medium. Hodge (1937) has shown, further, that Lactobacillus bulgaricus may sometimes acquire the ability to ferment maltose and sucrose after long laboratory culture.
In our own work, using a basic medium containing 1 per cent each of yeast extract and peptone, none of the cultures of Lactobacillus bulgaricus fermented unheated fructose or maltose when freshly isolated, although the ability to ferment maltose is possessed by some old stock strains and was acquired by some of our isolations after laboratory culture for two years in milk. Only a small minority of strains of Lactobacillus bulgaricus ferment sucrose when first isolated, but this property is less rare among old laboratory cultures. In keeping with the findings of others, our cultures of Lactobacillus acidophilus ferment fructose, maltose and sucrose.
We now come to the much-maligned sodium ricinoleate test of Albus and Holm (1926) . Kopeloff, a leading authority on these groups of organism, has reported good results with the method in his laboratory Beerman, 1927, Kopeloff and Kopeloff, 1937) , but the test has been severely criticized by several workers. Some of the criticisms may be sound on academic grounds, but as a practical test we are not concerned as to whether the results obtained with it are due to the surface tension per se or only to the inhibitory action of the depressant used.
In a sodium ricinoleate broth with a surface tension of 37.5 dynes at 370C., not one of our 152 cultures representing the "bulgaricus group" was able to grow. All of the cultures of the "acidophilus group" grew in this medium, though it should be mentioned that the same two "authentic," but atypical, cultures which failed to grow at 15'C., and grew weakly at pH 7.8, also grew weakly in the sodium ricinoleate medium. Kulp (1929) has shown that phenol or indole may be incorporated in media in such concentrations that Lactobacillus bulgaricus is inhibited while Lactobacillus acidophilus is able to grow. We have used the phenol tolerance test of Kulp with good, though not perfect, results. With a favorable agar medium containing a phenol concentration of 1 to 300, only four of the 43 cultures representing the acidophilus group failed to grow; although a substantial proportion of the strains of Lactobacillus bulgaricus grew, the vast majority of them were inhibited.
NOTE
In the beginning of this paper it was stated that no claims are made for the tests here described if applied to other closely related species, a warning of equal pertinence in connection with the other differential methods which have been used for this purpose. With the exception of the maximum temperature of growth, all of the methods which have been used by us and others, for this purpose, are tests for the ability of Lactobacillus acidophilus to do things which Lactobacillus bulgaricus cannot do. On the basis of present knowledge, it appears that the inability to grow in the presence of various mildly inhibitory factors, the inability to make repeated growth in a relatively simple medium, and the failure to ferment certain sugars, are characteristics peculiar to Lactobacillus bulgaricus and a few closely related varieties.
On the other hand, although the reactions obtained with these tests are characteristic of Lactobacillus acidophilus they are by no means peculiar to it, being shared, in fact, by a majority of the known lactobacilli. For example, Lactobacillus casei, with these tests, reacts as does Lactobacillus acidophilus, the differentiation of these species resting on quite different bases. More confusing is the type which has been described by Orla-Jensen (1919) under the name of Thermobacterium lactis. This organism reacts more as does Lactobacillus acidophilus on these tests, but resembles Lactobacillus bulgaricus in having a substantially higher maximum temperature of growth and in the production of levo lactic acid.
With the exception of a few groups, so little is now known of the lactobacilli that the stage of "new species," "variant types" and "intermediates" has scarcely yet been entered.
SUMMARY
Lactobacillus bulgaricus is unable to make repeated growth in a lactose-peptone-yeast extract broth, is unable to grow in media containing 2.5 per cent sodium chloride, and can not grow in broth with a reaction of pH 7.8. Lactobacillus acidophilus, on the other hand, is not inhibited in such mildly alkaline or saline media, and grows well through ten successive transfers in the relatively simple broth.
Lactobacillus bulgaricus very rarely grows at 15CC. whereas Lactobacillus acidophilus usually grows at this temperature. At 5000., Lactobacillus acidophilus apparently never grows; newly isolated strains of Lactobacillus bulgaricus nearly always grow, though old laboratory cultures frequently fail.
These tests have been found to correlate with other differential methods.
